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TREATMENT OF RESPIRATORY FAILURE IN
POLIOMYELITIS*
PAUL HARPER AND ROBERT TENNANT
Our experience with the Drinker Respirator in the treatment of
respiratory paralysis occurring in twenty-four patients with acute
poliomyelitis gave results which suggested that the routine and
indiscriminate use of the machine in all such cases was not as helpful
as had been anticipated. These patients were all admitted to the
New Haven Hospital during the epidemic of poliomyelitis in 1931.
For purposes of study they were divided into two groups,-recov-
ered and fatal cases (see Table I). We hoped, first, that study of
the recovered cases would determine the factors which contributed
to the favorable outcome and so be of both prognostic and thera-
peutic value, prognosis being further aided by investigating the
status of these patients 18 to 24 months after onset. In the second
place, it seemed that a determination in the fatal cases of the factors
which contributed to death might suggest improvements or changes
in therapy. Finally, we hoped to evolve fairly definite indications
and contra-indications for the use of the respirator and to clarify
the problems of management.
Preliminary to the presentation of this material it may be well
to consider the diagnostic methods used in determining the extent
and location of the respiratory embarrassment. It was often diffi-
cult, especially in children who did not cooperate, to apportion the
cause of respiratory distress between the diaphragm, the intercostal
muscles, the bulbar nerves and the respiratory center.
When the diaphragm was paralyzed the epigastrium could be
seen to move inward during inspiration instead of outward as is
normal. The movements of the diaphragm could be palpated when
good relaxation of the abdominal muscles was obtained. If the
diaphragm was functioning it was splinted with the examiner's
hands and the efficiency of the intercostals alone was studied by
noting changes in the respiratory rate, dyspnea or cyanosis. In a
similar manner the intercostals were splinted and the strength of
* From the Departments of Pediatrics and Pathology, Yale University School of
Medicine.YALE JOURNAL OF BIOLOGY AND MEDICINE
the diaphragm determined. Fluoroscopic examination was helpful
in doubtful cases. Unilateral paralysis of the diaphragm with
resultant paradoxical movements was discovered in one patient by
fluoroscopy.
Damage to the bulbar nerves supplying the muscles of the
pharynx and larynx was often announced by a nasal quality of the
voice, by a choking attack or by regurgitation of fluids through the
nose. Direct examination of the throat determined the status of
the muscles of the uvula and of the gag reflex. Various grades of
aphonia and impaired ability to cough or swallow gave more infor-
mation about the condition of the muscles of the throat and larynx.
Extreme irregularity of breathing, both as to depth and rhythm,
was accepted as evidence of damage to the respiratory center.
TABLE I
Children Adult Total Per cent
All Cases ............... ........ 13 11 24 100
Recovered Cases ........................ 6 1 7 29
Fatal Cases* ........................7 10 17 71
RECOVERED CASES
The seven patients who recovered had one common feature in
that their respiratory distress was due to weakness of the intercostal
muscles or diaphragm without significant bulbar involvement.
Two of them had weakness of both sets of muscles. Only one
of the seven had possible bulbar involvement and the evidence
for this was merely transient hoarseness. These seven cases are
presented in Table II.
The value of the respirator was unquestionable in five of these
seven patients. Opinions varied as to its need in the other two
cases who were in the machine for only a short period. In general
the machine gave almost immediate relief of dyspnea and cyanosis.
The accessory muscles of respiration were given needed rest and the
patient often dropped into the first sleep since onset of respiratory
difficulty. When the machine was stopped for nursing care the
symptoms returned. The three patients with weakness of intercostal
muscles and diaphragm would not have survived except for the
aid given by the respirator.
* During the epidemic three patients died who did not receive respirator
therapy making a total of 20 deaths among the 258 cases of poliomyelitis.
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Prognosis in Recovered Cases
The prognosis for return of respiratory power in these cases
turned out to be a favorable one. The fear that some of them
might need respirator treatment for an indefinite period was not
justified. Thirty-five days was the longest time that any patient
required mechanical assistance in breathing, including intervals out
of the machine as he improved. Four of the seven had complete
return of respiratory power in from eighteen to twenty months after
the onset of the illness. Another (99291) had paralysis of the
right diaphragm and had had frequent attacks of bronchitis. The
other two (A2555 and A2999) were bed patients with quadriplegia
and extensive atrophy. Their respiratory muscles were adequate for
a bed regime and it seemed probable that disuse was the important
factor in such weakness as was present.
FATAL CASES
Bulbar involvement was the common feature of the seventeen
patients who died in the respirator. The respiratory distress which
was characteristic of this group was not adequately accounted for
by weakness of the intercostal muscles or diaphragm, although this
was present to varying degree. A large part of the difficulty was
bulbar in origin. Paralysis of the pharyngeal and laryngeal muscles
rendered these patients unable to cough up or to swallow the secre-
tions which collected in the throat and resulted in frequent aspira-
tion and choking. In some cases, the obstruction of the upper air
passages became so great that adequate aeration was impossible and
respiratory death ensued. Others developed a terminal aspiration
pneumonia. In addition, many of them suffered from damage to
the central control mechanism, evidenced by irregularity of breath-
ing both in depth and rhythm.
The value of the respirator to these cases was seriously ques-
tioned. It was true that the machine did force air through the
partially obstructed air passages and gave temporary improvement
in aeration and relief of cyanosis, but in so doing the forced sucking
in of air often caused aspiration of material from the throat and
at the same time overcame the reflex choking and coughing by
which such material is usually ejected. This subduing of the cough
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reflex ledto the accumulation ofsecretions in the trachea and bronchi
and caused further obstruction of air exchange. Moreover, it was
obvious that the machine which favored aspiration also increased
the danger of pneumonia, which was found in seven of the eight
cases that came to post-mortem examination.
There were a few patients who obtained no benefit from the
respirator because they failed to breath in synchronism with it.
These people, from terror, delirium or other cause, fought the
machine and breathed independently. Their respiratory rate would
be between 25 and 30 per minute when the machine was going at
15 per minute. Such a patient was often inspiring during the
expiratory phase of the machine and vice versa. It was evident
that the respirator was of little aid under such circumstances. A
few of these individuals were given morphine* to depress the
respiratory center so that the action of the machine would not be
opposed by the efforts of the patient. No beneficial effects were
observed.
Maintenance of nutrition was a serious problem which was made
even more difficult by the machine. When fluids were given by
mouth there was constant danger of aspiration. Vomiting was
frequent and food safely in the stomach was sometimes regurgitated
and aspirated during emesis. We concluded that the only safe
procedure was to stop all oral feeding in cases with severe pharyngeal
and laryngeal paralysis, and to give fluids parenterally in the
form of intravenous glucose, normal saline and whole blood. It
was mechanically difficult to give either subcutaneous or intravenous
fluids through the portholes of the respirator, particularly in rest-
less or irrational patients. The scalp veins, which were the only
ones available without opening the machine, were not adequate for
long or frequent infusions.
Pathology
Necropsies were performed in eight of the seventeen fatal cases.
In all instances lesions were present in the spinal cord, medulla,
pons and midbrain. The changes consisted of necrosis and disap-
* cf. Wilson, J. L.: Respiratory Failure in Poliomyelitis. Am. J. Dis. Child.,
1932, 43, 1433.
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pearance of the nerve cells, swelling of the capillary endothelium,
perivascular lymphocytic infiltration, polymorphonuclear leukocytic
cellular infiltration and, in some instances, glial proliferation.
The changes in the lungs were of interest in connection with the
present discussion and accordingly are listed in Table III. Dark
red foci of firm non-crepitant lung tissue were found throughout
the lungs in all but one case. In the microscopic preparations
pulmonary emphysema was present in every case (Fig. 2). The
alveolar spaces appeared to be greatly distended and the walls
were thinned; in many places there was actual rupture of these
walls with coalescences of several alveoli to form large air spaces.
The nature of the exudate in the consolidated foci presented a vari-
able picture. In some cases it was composed of red blood cells and
serum, but in others a polymorphonuclear cellular infiltration pre-
dominated (Fig. 1). In seven of the eight cases there was a definite
bronchitis, which in the milder forms consisted of edema and poly-
morphonuclear cellular infiltration of the mucosaandsubmucosa. In
the more severe grades necrosis and desquamation of the epithelial
lining were also present. In three of the cases foreign debris and
bacterial clumps were present in the lumina of the bronchi and the
alveoli.
The role of the respirator in the production of these lesions is
difficult to evaluate. It is of interest in this connection to note that
the last case listed in Table III showed focal hemorrhagic pneumonia
and pulmonary emphysema, although the patient was not given
treatment in the respirator. Manual artificial respiration was admin-
istered, however, for one-half hour prior to the death of the child.
Post-mortem Bacteriology
Post-mortem bacteriology was done by Dr. Caspar Burn on five
of the cases and is presented in Table IV. Four of these cases had
been in the respirator, and the fifth (No. 77359), was given manual
artificial respiration. The recovery of streptococcus forms in every
case from the throat, bronchi, and both lungs was the remarkable
finding. The heart blood in all cases gave no growth except for
a Bacillus proteus recovered from case No. 5279, and makes unlikely
a terminal septicemia as an explanation of these findings.
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TABLE IV
POST-MORTEM BACTERIOLOGY
;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I
Hospital 0 % . ' i t S
History
Number c. COO C-1 < C . C c e Q4 C.,
A2727 Throat + + - + - -
Right lung + - + +
Leftlung + + - +
Bronchi + - - - +
A2239 Throat + + - + + - -
Bronchi + + + + - + - - -
Right lung + + + +
Left lung + + + - +
5279 Throat + - + - +
Bronchi - - - - - . +
Right lung + - - - - +
Leftlung + - - - + +
Heart blood - - +
A2398 Throat + + - + +
Bronchi + - + + - - -
Right lung + + - - + + - -
Left lung + - - + +
77359 Throat + + - - +
Bronchi + +
Right lung + - + +
Left lung + + - +
19 8 4 7 5 10 5 4 1
MANAGEMENT
The first problem of management was the selection of cases
for treatment. Largely on the basis of the experience here reported
we have reached the following tentative conclusions:
1. The use of the respirator was indicated in (a) patients with
respiratory difficulty due to weakness of the diaphragm or inter-
costal muscles without any significant bulbar involvement, (b)RESPIRATORY FAILURE IN POLIOMYELITIS
patients with Landry's ascending paralytic form. In these patients
paralysis of the diaphragm or intercostal muscles preceded the
bulbar damage and required respirator therapy before the bulbar
injury became evident. (c) A few bulbar patients in whom obstruc-
tion of the upper air passages was a minor factor in the causation
of poor air exchange, while diaphragmatic and intercostal weakness
was a major factor.
2. The use of the respirator was contraindicated in bulbar
patients whose chief respiratory distress was due to paralysis of
the pharynx or larynx. If the diaphragm and intercostal muscles
were adequate, no good could result from additional force applied
to sucking air in through obstructed air passages. Preferable man-
agement of such cases is outlined below.
The second problem was when to begin respirator treatment.
The optimum time for this varied with the individual. Some did
well when it was instituted at the first evidence of respiratory
embarrassment. This served the double purpose of resting the
affected muscles and allowing the patient to become accustomed to
being in and breathing with the machine before going through the
physical and mental trauma of severe respiratory distress. It gave
a much needed sense of security. Other patients were frightened
by the machine and fought it. In these it was best to reserve its
use as a measure of last resort.
In general, we followed the directions of the manufacturer as
to the rate and the depth of negative pressure at which the machine
should be operated, with variations as necessary for individuals.
The rate was adjusted to correspond as nearly as possible to the
normal respiratory rate of the patient-faster in children and slower
in adults. Children were started at about 10 cm. of negative water
pressure which was gradually increased with age to 15 cm. for
adults. In each case we endeavored to operate the machine at the
lowest negative water pressure at which the patient had complete
relief of symptoms.
The efficiency of the respiratory muscles was observed when
the machine was opened to give nursing care. If improvement
began the machine was opened for longer intervals and later the
patient was transferred to a bed for increasing periods each day.
This served to strengthen the respiratory muscles by exercise and
to accustom the patient to breathing independently again.
There was considerable mechanical difficulty in giving adequate
nursing care to patients in the respirator, particularly when they
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had such respiratory embarrassment that even brief intervals out
of the machine caused distress. Several of these developed bed-
sores which were partly due to their preference for lying on the
back because in this position the rubber collar could be more com-
fortably adjusted around the neck. Also the frequent incontinence
of urine and sometimes of feces increased the tendency to skin
destruction. Wilson has suggested that cooperative patients with
severe dependence on the respirator be given a preliminary period
of hyperventilation by running the machine at increased speed and
depth for a few minutes. During the ensuing period of apnea the
respirator may be opened and nursing care given. Frequent change
in the position of the patient should be insisted upon, not only to
combat bed-sores, but also to decrease the likelihood of pneumonia.
Management of Severe Bulbar Cases Not Treated in Respirator
The only patients with extensive pharyngeal and laryngeal
paralysis to recover were two boys who were not put into the
respirators. These cases are presented at this point because we
believe that the treatment given them could have been applied with
advantage to some of the fatal bulbar cases. The two boys, aged
six and eight years, had almost complete paralysis of the muscles
of the pharynx and larynx. Fluids were regurgitated through the
nose, the soft palate did not move, the gag reflex was lost, secre-
tions collected in the throat and could not be expectorated. Swal-
lowing was difficult. Aspiration occurred in spite of precautions and
resulted in severe choking and coughing episodes with cyanosis and
respiratory distress until the patient finally succeeded in coughing
up the foreign material. Both boys were aphonic at the peak of
paralysis.
Treatment was planned to keep the upper air passages clear, to
avoid aspiration, and to maintain an adequate fluid and caloric intake.
The patients were kept in a position of hyperextension which
favored respiration without aspiration. This was done by placing
a small, firm pillow under the shoulders and allowing the head to
fall back, or by the use of a Whitman frame. Elevation of the foot
of the bed aided the drainage of secretions away from the larynx
and into the posterior pharynx where they were removed by suction
through a soft rubber catheter. Postural drainage was used during
the choking spells when the condition of the patient allowed. Noth-
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ing was given by mouth. Water and salt balance was maintained
and calories supplied by slow intravenous infusions of glucose and
saline, given at the rate of 250 to 300 cc. per hour for periods
of four to seven hours. Proctoclyses of normal saline were also
used. Both patients received several transfusions of blood as a
supporting measure. Tube feeding was not done because of the
danger of vomiting and aspiration of vomitus. After seven days of
parenteral fluids the paralysis began to recede in both patients.
Small amounts of thickened fluids, such as ice-cream and pureed
soups were then given by mouth without aspiration. Oral feedings
were gradually increased while parenteral fluids were decreased and
finally omitted entirely. After one year one boy had no residual
paralysis. The only symptom in the other boy was occasional regur-
gitation through the nose when he drank rapidly.
These measures might well be supplemented by an oxygen tent
when indicated, especially in patients with pneumonia or some
intercostal or diaphragmatic weakness.
SUMMARY
The results of respirator treatment in twenty-four cases of
respiratory paralysis occurring during the acute stage of poliomyelitis
are presented with clinical, pathological and bacteriological data.
The time to begin respirator therapy, the gradual withdrawal of
this mechanical aid as the patient improved, the rate and the depth
of negative pressure at which the machines were operated are con-
sidered, together with some details relative to nursing care.
The respirator was of unquestionable value in the treatment of
those patients whose respiratory embarrassment was due to paralysis
of the intercostal muscles and diaphragm without significant bulbar
involvement. It was of little or no value in the care of patients
whose difficulty was bulbar in origin and may even have been harm-
ful in some instances. The evidence for this unfavorable opinion
of the respirator is divided in three parts. (1) The machine over-
powered the choking and cough reflexes and in some patients even
caused forcible insucking through the larynx of secretions from the
throat. It hindered those other measures which were effective
against aspiration, i.e., a position of hyperextension and postural
drainage, suction of secretions from the pharynx, the administration
of fluids by parenteral routes and nursing care.
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(2) In our opinion, the finding of ruptured alveoli and emphy-
sema in all of the eight necropsies, and focal hemorrhagic pneumonia
in seven of these, supports the clinical evidence that the use of the
respirator is not harmless.
(3) It is not without significance that the only patients with.
severe bulbar injury to recover, were two boys who were not put in.
the respirators. It is true that their respiratory difficulty was due
solely to injury to the muscles of throat and larynx without detect-
able damage to the diaphragm, intercostal muscles or respiratory
center. Even so they were not unlike some of the bulbar patients
who succumbed, and at the height of their illness these boys were in
greater respiratory distress than were some of the fatal cases when
first put into the respirator.
In general, these conclusions are in agreement with those
reported by Wilson. However, we do not concur with his opinion
that the respirator should be used as a last resort in the pure bulbar
types that have not responded to other therapy. It will be difficult
to refuse the use of the respirator to these patients, especially since
temporary improvement is usual. Nevertheless, we have seen no
lasting improvement in such cases from this form of therapy, which,
we believe makes the ultimate prognosis poorer, except in unusual
instances.
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